The aims of this study were to examine and compare the predictive validity of 4 risk assessment scales used for the prediction of pressure ulcer (PrU) development and to identify risk factors. DESIGN: Cross-sectional descriptive study. SETTING: A general hospital in Sweden. PARTICIPANTS: Patients (all aged Q18 years) admitted to medical, surgical, orthopedic, oncology, and rehabilitation wards. Of 412 patients available, a total of 346 patients participated in the study. METHOD: Data were collected using the Swedish version of the European Pressure Ulcer Advisory Panel minimum data set as well as the Norton, Modified Norton, Braden, and Risk Assessment Pressure Sore (Ulcer) (RAPS) scales. The predictive validity was estimated by measuring sensitivity, specificity, positive predictive value, and negative predictive value. Multiple logistic regression analysis was used to determine risk factors associated with PrUs. RESULTS: The RAPS scale reached best balance between sensitivity and specificity at the recommended cutoff level of e29, followed by the Braden scale and the Norton scale at recommended cutoff levels e18 versus e16, respectively. The modified Norton scale also reached an acceptable balance between sensitivity and specificity but at the cutoff level of e23, which is a higher cutoff level than recommended. General physical condition, physical activity, moisture, friction, and shear emerged as significant risk factors. CONCLUSIONS: The results support that the recommended cutoff levels of the RAPS, Norton, and Braden scales are valid in a general hospital setting. However, the recommended cutoff level of the modified Norton scale (e20) has to be increased when used in this care context.
Pressure ulcer (PrU) development constitutes a major problem in nursing care and causes pain and suffering to those who are affected. Not only do PrUs jeopardize the health of patients, but they are also associated with significant costs in healthcare. In Sweden, the prevalence of PrUs has been shown to be 14% to 27% among hospital inpatients, 1,2 and the incidence stands at 11.5% to 28%. 3, 4 Among hospital inpatients in other European countries, 4.5% to 18% prevalence of PrUs has been found, 5, 6 and in the United States, 6.3% to 20%. 2, 7, 8 The prevention of PrU formation is an important aspect of nursing care, and the identification of patients who require preventive measures is a key issue. One recommendation to facilitate the identification process is to perform systematic risk assessments using a risk assessment scale that has been tested for validity and reliability in addition to clinical judgment. 9 Various risk assessment scales have been developed since the early 1960s, and all of the scales have claimed to have acceptable ability to identify patients at risk of PrU development. However, changes in hospital care such as the prevalence of an older patient population and shorter hospital stay motivate continuous and repeated examination of the predictive validity of these instruments.
physical condition, sensory perception, and skin condition have been shown to be of significance.
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A risk assessment scale summarizes a range of these intrinsic and extrinsic factors; however, as a scale should be easy to use, it is not possible to include all factors. It is important that the instruments include the most important risk factors and have the ability to correctly identify patients at risk. 17, 18 This designates as the instrument's sensitivity and specificity and predictive value. A risk assessment scale should have high sensitivity so as to be able to correctly identify as many patients as possible as positive (ie, those who are at risk of PrU development). It should also have high specificity so as to be able to correctly identify as many patients as possible as negative (ie, those who are not at risk of PrU development). Likewise, the positive (PPV) and negative predictive values (NPV) should be high. Positive predictive value is defined as the probability of PrU development among those who are classified as risk patients. Negative predicative value is defined as the probability of not developing PrUs among those who are defined as not being at risk. 19 However, to have a test that is both highly sensitive and highly specific is usually not possible. Instead, a cutoff level, based on a decision as to where the best balance between the sensitivity and specificity is found, is often used. 18 
The Norton Scale
The Norton scale was one of the first risk assessment scales developed to predict PrU development. It was based on clinical experience of a geriatric population in the early 1960s 20 and includes 5 variables (Table 1) . The variables are divided into 4 subcategories, each with a score range of 1 (very bad) to 4 (good), giving a maximum score of 20. The total score is related to a cutoff level, indicating the presence or absence of risk of PrU development. When first introduced, a cutoff level of e14 was suggested for patients ''at risk.'' The author later reconsidered and suggested that a cutoff level of 15 or 16 should be used instead, because of changes in care over time. 21 Table 2 gives an overview of previous research into the predictive validity of the Norton scale with different cutoff levels and different settings used.
The Modified Norton Scale
A modified version of the Norton scale was first used in Sweden in 1987 by Ek. 22 The scale adds the variables food and fluid intake, body temperature, and social activity onto the original Norton scale. The scale was again modified after a multiple regression analysis. 23 Body temperature and social activity were excluded from the scale as they did not appear to be specific risk factors, but the variables food and fluid intake were retained (Table 1) . This remodified version has a maximum score of 28. Patients with a total score of e21 are considered to be at risk of developing PrUs, 23 whereas a cutoff level of e20 is recommended in the Swedish Handbook for Healthcare. 24 The modified Norton scale has been validated in long-term care and orthopedic settings ( Table 2 ).
The Braden Scale
The Braden scale was developed in the late 1980s and is based on an overview of literature on the subject. 25 The scale consists of 6 variables: activity, mobility, nutritional status, sensory perception, moisture, and friction and shear (Table 1) . Each variable is rated 1 to 4, except for the friction and shear variable, which is rated from 1 to 3, thus generating a maximum score of 23. The cutoff level was originally reported as e16, but further testing has resulted in a recommended cutoff level of less than or equal to 18. Study results of the predictive validity for the Braden scale are presented in Table 2 .
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The RAPS Scale
Lindgren et al 3 introduced the RAPS scale (Risk Assessment Pressure Ulcer Scale) in Sweden in the early 2000s. The scale consists of variables culled from the Norton, modified Norton, and Braden scales. The final version of the RAPS scale is composed of the following variables: general physical condition, activity, mobility, moisture, food intake, fluid intake, sensory perception, friction and shear, body temperature, and S-albumin (Table 1 ). The maximum score is 39, and a cutoff level of e31 has been suggested (Table 2) . However, as S-albumin is not always available, a version without this variable is often used. The maximum score is then 35 with a recommended cutoff level of e29.
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The aim of this study was to determine the predictive validity of these 4 risk assessment scales in a Swedish hospital setting.
Two of the scales are commonly used in Sweden (modified Norton and RAPS), and 2 are used worldwide (Norton and Braden scales). A secondary aim was also to identify risk factors for PrU development.
METHODS
Setting and Sample
This cross-sectional descriptive study was conducted in a hospital in southern Sweden. At the time of the study, the hospital had 510 beds divided into 36 departments.
After receiving approval from the hospital management to implement the study, one of the researchers identified teams of nurses to perform the data collection on each ward. Each team consisted of 2 nurses: 1 registered nurse from the ward being surveyed and 1 registered nurse or assistant nurse from another ward who was an expert in the field of PrUs. Prior to the study, all teams were educated in the use of the data collection instrument, how to perform the risk assessment, and how to define PrUs according to the EPUAP classification. 9 The data collection was performed between 7 AM and 4 PM during the course of 1 day in November 2009. Patients older than 18 years and who were admitted to the medical, surgical, orthopedic, oncology, or rehabilitation ward were included in the study. Patients who were treated in the children's ward, psychiatric wards, outpatient clinics, day care, and maternity ward were excluded from the study.
Registered nurses at each ward informed the patients or relatives, both orally and in writing, about the study on the day prior to the survey. All patients were guaranteed confidentiality and were assured that no individuals could be identified when results were published. After obtaining the patients' informed consent or, for unconscious patients, the consent of the next of kin, each patient was thoroughly examined for the presence or absence of PrUs by the 2 nurses on the day of the survey. The nursing teams also completed a data collection protocol on all patients, including background data such as gender, age, and date of admission.
An ethical application was sent to the regional ethical committee, and the board gave an advisory opinion (Dnr 582-07), which was subsequently followed. The study has also been performed in accordance to the Declaration of Helsinki.
Data Collection Protocol
The protocol used for the data collection was based on the Swedish version of the EPUAPYminimal data set. 29 It consists of the following categories: general data, patient data, risk assessment, incontinence (modified), skin observation, preventive measures, and reason for eventual exclusion. Some new items regarding documentation were added to the categories as well as a tick box for informed consent. Observed PrUs were classified in accordance to the EPUAP classification system: category 1 PrU being a nonblanchable erythema, category 2 being an abrasion or blister, category 3 being a superficial ulcer, and category 4 being a deep ulcer. 9 The location of existing PrUs was marked on a body map, and the most dominant PrU was also noted according to the following response alternatives: sacrum, heel, hip, or ''other.'' The risk of each patient developing PrUs was assessed using the 4 aforementioned risk assessment scales. The RAPS scale used in this study was the version without S-albumin.
The variables from the scales were put together in 1 document. Two of the included variables' subscales differ from the others, those being food intake/nutritional status and moisture/incontinence. In the mutual scale, the definition from the RAPS and modified Norton scale regarding food intake was chosen. Likewise, the description from the RAPS and the Braden scale regarding moisture was used. The kinds of incontinence aids (urinary and/or fecal) and urinary catheter used were also noted if relevant.
Statistical Analysis
Nonparametric data are presented as frequencies and percentages, and parametric data are presented as means and standard deviation (SD). Comparisons were made between patients with PrUs and patients without. The predictive validity was estimated by measuring sensitivity, specificity, PPV, and NPV; all of these are presented as percentages. Figure 1 shows the relationship between the risk assessment scale and the presence or absence of PrUs. The sensitivity was calculated as a / (a + c), specificity as d / (b + d), PPV as a / (a + b), and NPV as d / (c + d). 19 The values change depending on how the different cutoff levels of the scales identify patients as ''at risk'' or ''not at risk.'' To define the prognostic validity of the scales, the area under curve was calculated. Multiple logistic regression analysis was used to determine factors associated with PrUs. The dependent variable, the presence of PrUs, was coded as 0 representing no PrU and 1 representing presence of PrUs. All the factors in the assessment scales were used as covariates (Table 2) .
RESULTS
Participants
On the day of the survey, 412 patients were available for inclusion. However, 12 patients declined participation, 29 were not available for participation at the time of survey, and 25 patients did not participate for other reasons. Thus, 346 patients were included in the study. The mean age of the participants was 71 (SD, 16.2) years, and 172 (49.9%) of the patients were female. Fifty-six of the 346 patients were found to have at least 1 PrU, yielding a prevalence rate of 16.2%. Of these patients, 23 (41.5%) had category 1 ulcers, 2 (19.5%) had category 2 ulcers, 11 (19.5%) Figure 1 .
RELATIONSHIP BETWEEN THE RISK ASSESSMENT SCALE AND THE PRESENCE OR ABSENCE OF PrUs
had category 3 ulcers, and 11 (19.5%) had category 4 ulcers. The 56 patients with PrUs experienced a total of 83 PrUs. Heels (n = 21 [37.5%] ) and the sacrum (n = 14 [25%]) were the most frequent sites of the patients' most severe PrUs. Twenty-eight percent (n = 97) of all participating patients received some kind of PrU preventive measure (mattresses/cushions in bed or chair and/or regularly repositioning in bed or chair), of whom 34% (n = 33) had a PrU. Further characteristics of the participants are presented in Table 3 .
Predictive Validity of Risk Assessment Scales
The results of the predictive validity screening tests of the Norton, modified Norton, Braden, and RAPS scales are summarized in Table 4 . The RAPS scale showed the best balance between sensitivity (77.8%) and specificity (69.9%) at the recommended cutoff level (e29), followed by the Braden scale (sensitivity 74.5% and specificity 73.7%) at the recommended cutoff level of e18, and the Norton scale (sensitivity 74.5% and specificity 70.6%) at the recommended cutoff level of e 16. The best balance between sensitivity (77.8%) and specificity (68.4%) of the modified Norton scale was reached at a cutoff level of e23. Acceptable area under curve was reached for all scales (Table 4) . Table 4 . At these cutoff levels, which show the best balance between sensitivity and specificity, the modified Norton scale had the highest PPV (35.1%), and the RAPS scale the highest NPV (94.4%); the Norton scale had both the lowest PPV (32.5%) and NPV (93.6%).
TESTS OF SCALES AT VARIOUS CUTOFF POINTS
When performing a multiple logistic regression analysis including all variables in the different risk assessment scales, the following variables emerged as significant risk factors for PrU development: general physical condition (P 9 .001), physical activity (P = .029), friction and shear (P = .036), and moisture (P = .041).
DISCUSSION
This study aimed to examine and compare the predictive validity of the 4 different risk assessment scales used for the prediction of pressure ulcer development in a hospital setting. These scales were the Norton, modified Norton, Braden, and the RAPS scale. All the scales achieved acceptable prognostic validity, sensitivity, specificity, and NPV, but the scales' PPVs were low. The result both supports and contradicts previously recommended cutoff levels.
Concerning the 2 risk assessment scales commonly used in Sweden (the modified Norton scale and the RAPS scale), comparison with previous research is not easily done. Regarding the RAPS scale version without the risk factor S-albumin, a cutoff level of 29 has been recommended. 28 The findings in this study support that this estimation is suitable in a hospital setting. One can argue that a better balance between sensitivity and specificity was received at a cutoff level of 28 for the RAPS scale. However, it is preferable to choose a cutoff level generating higher sensitivity than specificity when it is important not to miss the presence of disease or, in this case, the risk of an injury such as a PrU. 18 The modified Norton scale has previously been validated within long-term care and for orthopedic patients, but not in a general hospital setting. In previous research, a cutoff level of 21 has been used, but in the Swedish Handbook for Healthcare, 24 a cutoff level of 20 is recommended. Based on the reasoning that higher sensitivity is preferable to higher specificity, this study indicates that the cutoff level should be as high as 23. 18 These study results could be used as a basis for discussion concerning the current recommended cutoff level and if it should be reconsidered. The discrepancies in the sensitivity between the modified Norton and the RAPS scale, as they are used in practice, are interesting and may have repercussions for the care provided. The risk assessment's aim is to function as a guide to identify which patients are in need of preventive measures. As the sensitivity for the modified Norton scale was 59.6% at the recommended cutoff score of 20, fewer patients will be identified as ''at risk'' at hospitals using this scale than at hospitals using the RAPS scale (with a sensitivity of 77.8%). That means that if nurses in Sweden make the decision as to whether to deliver preventive measures based on the results of the risk assessment scale, nursing care will not be equal. Hypothetically, fewer patients will achieve preventive measures at hospitals using the modified Norton scale than patients at hospitals using the RAPS scale.
The author of the Norton scale has suggested raising the cutoff level from 14 to 15 or 16. 30 The results of this study, as well as those in the study by Balzer et al, 5 It is desirable to have a risk assessment scale that is both highly sensitive and highly specific. However, there is an important difference between a diagnostic screening test and a risk assessment scale. The use of effective PrU preventive measures will alter the validity test of the risk assessment scales. 32 For example, if a highly sensitive risk assessment scale is used and preventive measures are effective, both the sensitivity and specificity will decrease. For this reason, sensitivity and specificity criteria have been criticized for not being the most appropriate tools to validate risk assessment scales. 33 Because of it being ethically unacceptable to withhold preventive measures, a lower level of sensitivity and specificity has to be accepted. The effect of preventive measures could also be the reason why the PPV of the scales was not very high, irrespective of the cutoff point used. A further explanation could also be due to the fact that the level of patients' health improved during their hospital stay, and because of this they did not develop PrUs. The interpretation of a positive or negative diagnostic test result varies from setting to setting, according to the prevalence of disease, or, in this case injury, in the particular setting. If the prevalence in this study had been higher, it is likely that the PPV would have been higher and NPV lower. 19 A further aim of this study was to identify risk factors for PrU development. In the multiple regression analysis, the variables general physical condition, physical activity, friction and shear, and moisture emerged as significant risk factors for PrU development. It was somewhat surprising that immobility did not emerge as a significant risk factor as previous studies have shown that this risk factor is strongly associated with the development of PrUs. 12, 13 However, the variable of friction/shear has shown to be highly correlated with immobility 13 and could thus have diminished the effect of immobility. Furthermore, as the variables of physical activity and immobility almost elucidate the same thing, it is possible that these risk factors (variables) are correlated to each other as well.
It is of primary importance that the instruments include significant risk factors and have the ability to accurately identify patients at risk of PrU development. Based on the risk assessment scales validated in this study, the RAPS scale was the only instrument including all the risk factors that emerged as significant in this study.
STUDY LIMITATIONS
A possible problem with this study is that the variables from the different assessment scales have been merged and not tested for reliability and validity as a whole scale. However, each scale has been tested separately, and several of the variables are the same in the different scales. The strength of this study may be that the risk assessment scales have been validated using the same sample and under the same conditions.
To further test the predictive validity of the risk assessment scales included in the study, a prospective design may be used. This was not possible in the current study; furthermore, a prospective study may see preventive measures that interfere with the results.
CONCLUSIONS
The result supports that the recommended cutoff levels of the Norton (level e16), Braden (level e18), and RAPS scales (level e29) are valid for achieving good balance between sensitivity and specificity in hospital settings. However, the recommended cutoff level of the modified Norton scale (level e20) must be increased when used in a hospital setting.
